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FINAL REPORT - Contract F19628-83-K-0036

Fabry-Perot Interferometer and Skymapping Photometer Determinations of Midlatitude

F-Region Neutral Winds and Temperatures and Airglow ‘

Enhancements/Depletions

Manfred A. Biondi, Principal Investigator

Dept. of Physics and Astronomy, University of Pittsburgh

I. Introduction

Passive optical observations were made of the nightglow as part of the
IMS program: (1) to determine the neutral thermospheric wind vector Vn and
temperature T, as a function of time at ~ 300 km altitude by high resolution
measurements of the 0I 630.0 nm nightglow line's doppler shifts and widths

and (2) to seek changes in the nightglow morphology in the vicinity of

L e a s e o m e wecp - g A SEEEENSE . a AASA Y i a” ) AN e & & AW W

chemical releases from Nike-Tomahawk or Sonda rockets by use of a sky-mapping ‘

filter photometer. To this end a modified Airstream trailer containing a

100 mm aperture photoelectric Fabry-Perot interferometer and tilting filter

photometer, as well as a 3-channel filter photometer, was set up at the :

Wallops Island airfield for the duration of the IMS program. :
The nightglow 630.0 nm is produced at F-region altitudes by the normal

reaction sequence 1

0* + 0o > 0 + 0% (charge transfer) |, (1)

followed by Tor |

0,7 + e > 0% +0*('D) (dissoc. recomb.) - (2) ! E; 1

ad a
A reduction in ambient F-region electron density, for example, by attachment ion____,

St st ign/ )
JLoilerility Codes
i Acnil and/or
\ e Snecial

to SF6 molecules from a chemical release,

..............
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SF.~

e” + SFg —[ 6 (electron attach.), (3)
SFg™ + F

should create an electron depletion which should in turn reduce the rate of
dissociative recombination (reaction 2) and therefore lead to a 630.0 nm
airglow depletion.

In the next sections we describe the experimental apparatus and
present the results of our observations.

II. Apparatus
[ The field-widened, photoelectric Fabry-Perot (FP) interferometer and

associated tilting filter photometer used for the 630.0 nm line doppler shift
b and width determinations is shown in Fig. 1. The two instruments share a
common line-of-sight through the dual-axis pointing head, with the photometer

used as a monitor for interfering radiation, cloud effects, etc. The 100 mm

aperture FP is index-of-refraction tuned by changing the density of argon gas

between the etalon p]ates]. A multiple aperture exit p]ate2

provides a four-
fold gain in luminosity over a conventional instrument. The stabilized laser
serves as a frequency reference for the doppler shift determinations and as

a monochromatic line source for instrumental broadening evaluation. The
instruments are under the control of a microprocessor and microcomputer which

provide data acquisition, real-time analysis and storage on magnetic tape.

The 3-channel, sky-mapping filter photometer3 used to monitor possible
airglow enhancements/depletions is shown in Fig. 2. Wavelengths monitored
‘" ’ were 630.0 nm, 631.0 nm (background channel) and 557.7 nm by use of interference .

"i;{ filters with passbands of Ax = 0.3 nm. A limited 38° x 38° region of the sky,

centered on the expected chemical release point, was monitored by suitable

i' adjustment of the stepping-motor-controlled scans about the horizontal (H)

Efit and orthogonal (0) axes of the pointing head mirrors. The photometer is

i;; controiled by a microprocessor and microprocessor with provision for real-time
g o
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display on a color video monitor of the airglow patterns, as well as for
data storage on magnetic discs.
ITI. Results

A. Airglow Enhancements/Depletions

As a result of the failure of the Sonda rockets to reach their
intended release altitudes, the only successful release in the F-region was
of SFg by the Nike-Tomahawk rocket on 8/9 November 1983. Although the
sky was reasonably clear at the release time (there was a very thin cloud
layer through which the stars shone with little apparent attenuation) and
our photometer scan pattern included the release point, our data gave no
clear evidence of the expected, localized depletion in 630.0 nm intensity

that was larger than the slight spatial variations in the nightglow resulting

from the less-than-perfect seeing conditions .

B. Thermospheric Dynamics

o
Measurements of the intensity and doppler shifts and widths of the 9

630.0 nm nightglow line were made in a number of directions, namely, looking

N, S, E and W at 30° elevation and looking vertically. From these data,
the neutral wind velocity components vy, (meridional) and v, (zonal) were
derived, as well as the neutral temperature T,. The measurements were made
from 0220 UT to 0635 UT (2120-0135 local time) on 09 November 1983, bracketing
the rocket launch time near local midnight (0500 UT).

The meridional winds shown in Fig. 3 were poleward in the early night
(as expected, since the subsolar point passed well south of Wallops Island),

then changed to equatorward and increased to a maximum velocity of ~ 70 m/s

at 04 h UT, before decreasing through the launch period and becoming poleward

once again. The zonal winds shown in Fig. 4 were anomalous in that they




exhibited different behavior looking ~ 500 km to the East and to the West of
Wallops Island. On average, they appeared to be eastward in the early night,
as expected if the solar-driven zonal pressure gradient controls the flow,
but a clear convergence in zonal flow built up towards local midnight {the
wind to the West was eastward and that to the East was westward), reaching a
maximum (compressional) differential velocity of ~ 200 m/s.

A clue to the anomalous westward flow of the zonal wind observed to

the East may be seen in the 630.0 nm intensity measurements of Fig. 5, where,

rather than the usual decline during the night, strong enhancements to the
North and to the East suggest the presence of geomagnetic activity (energy

inputs) as the source of the converging flow. The three-hour geomagnetic

T SN

activity indices are shown at the top of Fig. 4, and the 24-hour sum for

9 November, IKj = 36 (Ap = 43). This day was the second most geomagnetically

disturbed day of the month.
The behavior of the neutral temperature T, shown in Fig. 6 also differs
from the smooth fall expected during geomagnetically quiet periods, indicating

a significant rise in value during the local pre-midnight period in several

R} PR

g observing directions. 3
i; Finally an interesting observation is indicated in Fig. 4, where the §
L. strongly converging zonal flow just before the SFg release may have largely i
: disappeared shortly afterwards. This conceivably could result from a change ?
E# in the strength of the ionospheric plasma-neutral thermosphere coupling ;
Fi induced by the electron attachment to the released SFg molecules. However, ’ i
Ef since this effect is inferred from a single, West-looking observation at ?
E; 0550 UT, the result must be regarded as speculative and will require corrob- :
t’ ating evidence from comparison with other measurements of the ionospheric i
E: behavior during the same period. .
. :
: :
¢ {
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IV. Conclusions

Both the Fabry-Perot interferometer and the sky-mapping filter photo-
meter instruments performed well in their Airstream trailer-based Mobile
Observatory. Lack of ideal seeing conditions during the launch period on
9 November led to an apparent patchiness in the normally smooth 630.0 nm
airglow background which could have masked a weak airglow depletion produced
by the SFg release; in any event, our mapping photometer detected neither a
depletion nor an enhancement in the nightglow.

The F-P measurements of 630.0 nm doppler shifts and widths yielded
neutral velocities ?h and temperatures T, in the thermosphere over Wallops
Island which, in many respects, are typical of the observed behavior of the
midlatitude thermosphere4’5. The fact that a geomagnetic storm was in progress
during the period of observations accounts for unusual effects such as
convergence in the thermospheric flow pattern and an elevation of the thermo-

spheric temperature during a portion of the night.

................
...........
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Figure Captions

Fig. 1 Simplified diagram of the field-widened, 100 mm aperture, photo-
electric Fabry-Perot interferometer, the 70 mm aperture tilting filter
photometer and the two-axis pointing head used for the 630.0 nm nightglow

line doppler shift and width measurements.

Fig. 2 Simplified diagram of the 3-channel, sky-mapping filter photometer
used to monitor possible 630.0 nm and 557.7 nm airglow enhancements/depletions

produced by the chemical releases in the F-region.

Fig. 3 Meridional winds (southward = positive) in the neutral thermosphere
measured on 9 November 1983. The approximate launch time of the Nike-Tomahawk

rocket is shown. The three-hour geomagnetic K_ indices are shown at the top

p
of the figure.

Fig. 4 Zonal winds (eastward = positive) in the neutral thermosphere

measured on 9 November 1983.

Fig. 5 The 630.0 nm nightglow intensities measured on 9 November 1983.

*a
.
.
. 9
~A

Fig. 6 Neutral temperatures in the thermosphere measured on 9 November 1983.
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